SUMMARY The pathophysiology of acute joint inflammation remains unclear. Evidence is available to suggest a neurally mediated component to the inflammatory process. Acute joint inflammation in the rat knee, induced by intra-articular injection of 2% carrageenan, was reduced by 44% in animals whose knee had previously been injected with 1% capsaicin, while chronic joint denervation produced a 37% reduction. These results indicate a significant neurogenic component in this model of acute joint inflammation. Substance P may be the mediator of this response as intra-articular injection of this agent provoked an acute inflammatory response. Pretreatment of the test knee with the substance P antagonist d-Pro4,d-Trp7 9 10-SP(4-11), however, resulted in a 93% reduction of the inflammatory response to carrageenan. This unexpectedly large effect suggests that this substance P antagonist blocks both neurogenic and non-neurogenic mediators of inflammation. Sympathetic efferent fibres innervating the knee joint were not found to contribute to the neurogenic component of the inflammatory process.
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The term neurogenic inflammation has been used to describe the finding that antidromic stimulation of cutaneous nerves leads to vasodilatation and increased vascular permeability in the territory innervated by the stimulated nerve,1-13 and that chronic denervation of skin abolishes the response to topically applied irritants.28 These effects are mediated by unmyelinated sensory (C) fibres,14 and there is increasing evidence that substance P contained in these fibres plays an important part. 8 11 12 15 Neurogenic inflammation is not confined to skin and has been shown in a wide variety of internal structures, such as gall bladder, vagina, oesophagus, trachea, and ureters.16 More recently, neurogenic inflammation has also been shown in the cat knee joint, where it was found that antidromic electrical stimulation of knee joint nerves produced plasma extravasation into the synovial cavity of the knee.17
This effect appeared to be mediated by the neuropeptide substance P as prior intra-articular administration of the substance P antagonist d-Pro4,dTrp7 9 '0-SP (4) (5) (6) (7) (8) (9) (10) (11) In 25 animals the nerves supplying the knee joint were transected unilaterally under general anaesthesia (Hypnorm 0.1 mg/kg; diazepam 2-5 mg/kg) and the animals then allowed to recover. Ten days later these animals were assessed for their response to the carrageenan injection into this knee. This period of time was sufficient for substantial degeneration of the nerves to occur, as judged by their electron microscopic appearance.
In a further 25 animals, under general anaesthesia, a 1% solution of capsaicin (0.02 g capsaicin (Sigma) dissolved in 0-1 ml absolute alcohol, 0.1 ml Cremophor (Sigma), and 1.8 ml physiological saline) was injected into the synovial cavity of one knee. Topical application of capsaicin has been shown to deplete nerve endings of substance p.18
Ten days later these animals were assessed for their response to carrageenan injection into this knee. In 15 animals bilateral adrenalectomy was performed under general anaesthesia and the animals allowed to recover. One week later these animals were assessed for their response to intra-articular injection of carrageenan preceded by injection of d-Pro4 d-Trp7 9 10-SP(4_11).
Results
To establish the control response 0-2 ml saline was injected into'both knees, and the mean difference (SEM) in Evans blue content ([tg/100 mg tissue) between the two knees was small (1-64 (0-97)) (Fig.  1 ). When 0-2 ml of 2% carrageenan was injected into one knee the Evans blue content rose relative to the control knee, and the mean difference (1.76)) was significantly greater than for the control group (Fig. 1) . Injection of the same dose of In the dose used in the present experiments, d-Pro4,d-Trp7 9 10-SP(4-11) did not appear to produce significant vasoconstriction of articular blood vessels. The presence of 10 ,tg of the substance P antagonist in the synovial cavity of the knee produced little alteration in Evans blue content compared with saline alone (Fig. 2) . The mean difference between the two knees was only 0 45 (1-61).
Had the antagonist been a potent vasoconstrictor, significant difference between the two knees would have been expected. In addition, assessment of synovial blood flow by a laser Doppler flowmeter in four animals failed to show potent constrictor effects. In two cases transient (<10 minutes) decrease in flow occurred after intra-articular injection of 10 ,ug of the substance P antagonist, whereas two cases showed transient increase in flow. The difference between the control value in Fig. 1 (saline in both knees) and the value obtained in Fig. 2 (saline in one knee, the other pretreated with substance P antagonist before saline injection) was not signifi- Although the Evans blue content was lower in the carrageenan treated knee than in the control knee, this is probably not a significant effect as the larger series of knees which were bilaterally injected with saline also showed differences in Evans blue content (Fig. 1) .
The finding that intra-articular injection of substance P produced an inflammatory response and that this was attenuated by the substance P antagonist suggests that the neurogenic component of the carrageenan induced inflammatory response may be mediated by substance P. It is not possible, however, to ascribe an exclusive role to substance P as it is not known whether other neuropeptides, such as calcitonin gene related peptide, neurokinin A, and neurokinin B, are co-localised in articular nerve fibres, and the selectivity of d-Pro4,d-Trp7 9 10_ SP(4-11) for these other neuropeptides has not been established.
There is increasing interest in the role of neuropeptides in inflammatory processes and particularly whether these may be involved in arthritis. It has been observed that infusion of substance P into the knee joint of rats with adjuvant induced arthritis resulted in more pronounced joint inflammation and destructive changes of bone and cartilage than animals whose joints had been infused with the substance P antagonist d-Pro2,Trp7 9-SP.23 It In conclusion, the results of our experiments add to the growing body of evidence which suggests that substance P, and perhaps other neuropeptides released from peripheral nerve terminals in joints, could play an important part in the initiation and maintenance of inflammatory articular diseases. If this proves to be the case, inhibition of the local effects of these neuropeptides may be of therapeutic value. 
